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Method and apparatus for growing thin films 

The prcscni invention relates to a method according to the preamble of claim 1 for 
growing thin films on a substrate. 

5 

In the pi«cnt method, the substrate is typically located in a reaction space, 
wherein it in accordance with the Atomic Layer Epitaxy (ALE) method is subject- 
ed to alternately repeated surface reactions of at least two different reactants. 
According to the present method, the rcacunis are admitted repetitively and altcr- 
10 naiely each rcactant at a time from its own source in the form of vapor-phase 

pulses into the reaction space. Here, the vapor-phase reactants are allowed to react 
with the substrate surface for the purpose of forming a solid-sutc thin film on the 
substrate. 

15 While the method is most appropriately suited for producing so-called compound 
thin films using as the reactants such starting materials that contain component 
Clements of the desired compound thin-film, it may also be applied to growing 
elemental thin films. Of compound films typically used in the an, reference can be 
made to ZnS films employed in electroluminescent displays, whereby such films 

20 arc grown on a glass substrate using zinc sulfide and hydrogen sulfide as the 

rcacunis in the gmwth pnKCss. Of elemental thin films, reference can be made to 
silicon thin films. 



The invention also concerns an apparatus according to the preamble of claim 15 
25 suited for producing thin films. 

The apparatus comprises a reaction space into which the substrate can be placed, 
and at least two rcacunt st>urccs from which the rcacunw used in the thin-film 
growth process can be fed in the form of vapor-phase pulses into the reaction 
30 space. The sources arc connected to the reaction space via rcactant inflow 

channels, and outflow channels arc connected to the reaction space for removing 
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(he gaseous reaction prcxlucL^ of the thin*fiim growth process as well as the excess 
rcacunts in vapor phase. 

Convcmionally. ihin-films arc grown asing vacuum evaporation deposition* the 
5 Molecular Beam Epitaxy (MBE) and other vacuum deposition methods, different 
variants of the Chemical Vapor Deposition (CVD) method (including low-pressure 
and metal-organic CVD and plasma-enhanced CVD), or alternatively, the above- 
described deposition method of alternately repeated surface reactions called the 
Atomic Layer Epiuxy (ALE) method. In the MBE and CVD methods, besides 

10 other process variables, the thin-film growth rate is also affected by the coDcentia- 
tions of the starting material inllows. To achieve a uniform thickness of the laycn 
deposited by the first category of conventional methods, the concentrations and 
reactivities of starting materials must hence be carefully kept constant all over the 
substrate area. If the surting materials arc allowed to mix with each other prior to 

15 reaching the substrate surface as is the case in the CVD method, for insunce, a 
chance of their premature mutual reaction arises. Then, the risk of micropaiticle 
formation already within the inflow channels of the gaseous reactants is imminent 
Such microparticlcs have a deteriorating effect on the quality of the thin film 
growth. Therefore, the possibility of premature reactions in MBE and CVD 

20 rcaaors is avoided by healing the starting materials no earlier than at the substrate 
surfaces. In addition to heating, the desired reaction can be initiated using, e.g., a 
plasma or other similar activating mcaas. 

Fn the MBE and CVD processes, the growth of thin films is primarily adjusted by 
25 controlling the inflow rates of staning materials impinging on the substrate. By 
contrast, the ALE process is based on allowing the substrate surface qualities 
rather than the starting material a^necntrations or flow variables to control the 
deposition rate. The only prerequUite in the ALE process is that the starting 
material is available in sufficient concentration for thin-film formation on all sides 
30 of the substrate. 
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The ALE method is described in ihc FI patent publications 5i359 and 57,975 ind 
in the US patent publications 4,058,430 and 4J89.973, in which also some appa- 
ratus cmbodimcnis suited to implement this method arc disclosed. Apparatus con- 
struaions for growing thin films arc aUo to be found in the following publica- 
5 lions: Material Science Report^ 4(7) (1989), p. 261, and Tyhjidtctauikka (Finnish 
publication for vacuum techniques), ISBN 951-794^22-5, pp. 253-261. 

In the ALE growth method, atoms or molecules arc arranged to sweep over the 
substrates thus continuously impinging on their surface so that a fully saturated 

10 molecular layer is formed thereon. According to the convenliooal techniques 

known from the FI patent publication No. 57.975, the saturation step is followed 
by an inert gas pulse forming a diffasion barrier which sweeps away Ihc excess 
starting material and the gascoa-^ reaction products from above the substrate. The 
successive pubes of different starting materials and of diffusion barriers of an 

15 inert gas separating the former accomplish the growth of ihe thin film ai a rate 
controlled by the surface chemistry propenies of the diflercni maieriab. Such a 
reactor is called a "iravcling-wavc" reactor. For the function of the process it is 
irrelevant whether the ga.'^es or the substrates arc moved, but rather, it is 
imperative that the different starting materials of the successive reaction steps arc 

20 separated from each other and arranged to impinge on the substrate successively. 

Most vacuum evaporators operate on the .v>-callcd "single*shot" principle. Herein, 
a vaporized atom or molecule species can impinge on the substrate only once. If 
no reaction of the species with the substrate surface occurs, the species b bounced 

25 or re-vaporized so as to hit the apparatus walb or the inlet to the vacuum pump 

undergoing condensation therein. In hoi-wall reactors, an atom or molecule species 
impinging on the reactor wall or the substrate may become re-vaporizci whereby 
advanugcous conditions arc created for repealed impingements of the species on 
the substrate. When applied to ALE reactors, this "multi-shot" principle can 

30 provide, i.a., improved material utilization efficiency. 
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In ooovcntioaaJ ALE apparaiuscs, a characicrizing properly u that the diffcrcni 
surtiog matchab of the reaction arc understood to be isolated from each other by 
means of a diffusion wait formed by an inert gas zone traveling between two suc- 
cessive pulses of starting material (cf. above-cited FI patent publication No. 
57,975 and the corresponding US Pal. No. 4.389.973). The length of the inert gas 
zone acting as the downstream flowing diffusion wall is such that only approx. 
one millionth of the reacunt gas molecules have a sufficient diffusion velocity to 
travel under the prevailing conditions in the counterflow direction to a distance 
greater than the thickness of the Isolating diffusion wall employed in the method. 

However, notwith-sianding the higii reliability of the above -described arrangement, 
ii ha5 some disadvantages. For iastancc, the cross sections and shapes of piping in 
practical reactor constructions vary between, e.g^ the infeed manifold and the sub- 
strates* whereby the thickness and shape of the diffusion wall become diffjcult to 
control and the starting materiab may become carried over into contact with each 
other. The diffusion wall may also become destroyed in the nozzles feeding the 
vapor-phasc rcaclant to the substrates, in gas mixers or at other discontinuity 
points of the piping. The laminarily of gas inflow may also become disturbed by a 
too tight bend in the piping. 

Intermixing of .surting materials in flow systems cannot be prevented simply by 
keeping the gas volumes apart fmm each other, because mixing may also occur 
due to adherence of molecules from a surting material pulse on the apparauis 
walls or discontinuities thereof, whercfrom the molecules may then gain access 
with the molecules of the successive starting material pulse. 

It K an object of the present invention to overcome the drawbacks of conventional 
technology and to pmvidc an entirely novel arrangement for growing thin films. 

The goal of the invention i% achieved by virtue of admitting vapor-phase pulses of 
the .starting material rcactanu into the ALE reactor so that each starting material 
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pulse 15 individually driven through the piping and reaction space of the apparatus 
isolated from the other pulses. According to the invention, this concept is imple- 
mented by means of ptnging the gas volume of the reaction space containing 
reactive gas between two successive vapo^phase pulses essentially entirely which 
5 means a purging cfBciency of at least 99 %, preferably 99.99 %. Thence, all the 
reacting gas, which in practice refers to the entire gas volume ^ed with the 
vapdr-phase reactant, is purged from the reaction space between the successive 
pulses. The reactant pulses of different starting materials will thus remain isolated 
from each othe^ whereby no mixing of the reactants can occur 

10 

In the apparatus suited to implement the method, the outflow channels are con* 
nected to a pump capable of evacuating the reaction space to a vacuum, whereby 
the pump c^mcity is dimensioned sufficiently high to permit full evacuation of a 
volifflietric amoimt of gas corresponding to the gas volume of the reaction space 
15 out from the reaction space during the interval between two successive vapo^ 

phase reactant pulses. Accordingly the pump must have a volumetric flow capaci- 
ty per time unit, advantageously over the interval between two successive vapor- 
phase reactant pulses, that is greater than the gas voltmie of the reaction space. 

20 More specifically the method according to the invention is principally 
characterized by what is stated in the characterizing pan of claim 1. 

Furthennore, the ^yparatus according to the invention is principally characterized 
by what is staled in the characterizing part of claim 15. 

25 

In the context of the present invention, the term "evacuation" is used generally 
referring to the removal of reactant residues in the vapor phase. The evacuation of 
the reaction space can be accomplished by purging the gas volume of the appara- 
tus by means of at least one pumping cycle capable of lowering the internal 
30 pressure in the apparatus to a sufficiently high vacuum- When required, the appa- 
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raius may be simuluncoa^iiy filled with an inactive gas which promotes ihc 
purging of the reaciant rcsidu&s from the reaction space. 

In the pre^nt context, the term ''inactive" gas is used to refer to a gas which is 
5 admitted into the reaction space and is capable of preventing undesired reactions 
related to the reactanu? and the suh.Mralc, respectively. Such reactions include the 
reactions of the rcacunu; and the substrate with possible impurities, for insunce. 
The inactive gas also serves for preventing reactions between the substances of the 
different reactant groups in. e.g., the inflow piping. In the method according to the 
10 invention, the inactive gas is also used advantageotisly as the carrier gas of the 
vapor-pha.sc pulses of ihc rcacunis. According to a preferred embodiment, in 
which the reactanu of the different reactant groups are admitted via separate inlet 
manifolds into the reaction space, the vapor-phase reactant pulse is admitted from 
one inflow channel while the inactive gas is admitted from another inflow channel 
15 thus preventing admitted rcacuni from entering the inflow channel of another 

rcacuni. Of inactive gases suited for use in the method, reference can be made to 
incn gases such as nitrogen gas and noble gases, e.g., argon. The inactive gas may 
al.so be an inherently reactive gas such as hydrogen gas serving to prevent undesir- 
able reactions (e.g.. oxidization reactions) from occurring on the subsuate surface. 

20 

According to the invention, the term "reaction space" includes both the space in 
which the .substrate Is kx:aicd and in which the vapor-phase rcaoanis are allowed 
to react with the substrate in order to grow thin films (namely, the reaction 
chamber) as well as the gas inflow/outflow channels communicating immediately 

25 with the reaction chamber, said channels serving for admitting the reactanu into 
the reaction chamber (inflow channels) or removing the gaseous reaction products 
of the thin-film growth process and excess rcactanis from the reaction chamber 
(outflow channels). According to the a>nstruction of the embodiment, the number 
of the inflow and outflow channels, respectively, can be varied from one upward. 

30 According u> the invention, the reaction space is the entire volume to be evacuated 
between two successive vapt^r-phasc pulses. 
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In ihc present conicxi, ihc icrni "rcacuni" refers to a vaporizablc material capable 
of reacting with the suhstratc surface. In the ALE method, rcactanis belonging in 
two different groups are conventionally employed. The reacunts may be solids, 
liquids or gases. The term "mcullic reactants" is used of meullic compounds 

5 which may even be elemental meuls. Suitable mcullic reactants are the balo- 
genides of mcUls including chlorides and bromides, for instance, and meul- 
organic compounds such as the thd a^mplex compounds. As examples of metallic 
reacunte may be mentioned Zn, ZnClj, TiQ^, a(ihd)2, {CH^Ad and CpjMg. 
The tcnn "nonmctallic rcacunw" is used for compounds and elements capable of 

10 reacting with mcullic impounds. The latter group is appropriately represented by 
water, sulfur, hydrogen sulfide and ammonia. 

Herein, the term "substrate surface" is used to denote that top surface of the 
substrate on which the vapor-phase reactant flowing into the reaction chamber first 
15 impinges, in practice, said surface during the fint cycle of the thin-film growing 
process is constituted by the surface of the substrate such as glass, for instance; 
during the second cycle the surface is coasiiiuted by the layer comprising the 
solid-sutc reaction product which U deposited by the reaction between the 
rcacunLs and \s adhered to the substrate, etc. 

20 

As mentioned above, in a practical cmbodimeni the vapor-phase reactants are con- 
ventionally driven by a carrier gas flow into the reaction chamber and further 
through it. Therefore, the vapor-pha.sc rcacunt obuined from a source is mixed 
with the inert gas flow at some point of the apparatus. In the present embodiment, 
25 the term "reaction space gas flow channels" also includes that section of the rcac- 
unt inflow pipes which is located after the control valves of the inactive gas flow. 

A characterizing property of the present invention is that the different starting 
materials are not allowed u> How simuluneoasly in the piping or reactor (reaction 
30 space), but rather, the piping and reaction space arc evacuated from the contents 
of the preceding vapor-phasc pulse prior to the admission of the next vapor-phase 
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pul5c. AdvantagetiiLNiy, the imcrvat between the .successive pulses is kept so long 
as to permit the evacuation of the reaction space using at least a double or triple 
purging gas volume during tbe tnlcrval between the pulses. To achieve maximally 
efficient evacuation of reacunt residues, the reaction space is purged with in 
5 inactive gas during the interval between the reacunt pulses and the toul volume 
of gas evacuated from the reaction space during the interval between the reactant 
pulses amounts to at least 2*10 times the volume of ihe reaction space. A design 
target value of less than 1 %, advantageously less than 1 %o, of residual compo- 
nents of the preceding vapor-phasc reactant pulse remaining at the infccd of the 
10 next pulse can be set for the evacuation efficiency. Operation according to the 

invention can easily reach a situation in which the reaction space is purged to less 
than 1 ppm of reactant residues from the preceding pulse. 

According to the present method, evacuation Ls most advantageously implemented 
15 by connecting the reaction space to a pump whose volumetric capacity during tbe 
interval between two successive vapor-phase reacunt pulses is appreciably greater 
than the gas volume of the reaction space. As the interval between two successive 
reactant gas puLscs typically is in the order of 1 s, this requirement can be met by 
connecting such a pump to the reaction space that has a capacity sufficient to 
20 evacuate during said interval a volumetric amount of gas which is advanugeously 
at least 2 • 3 times, and particularly advantageously 4 - 10 times the volume of 
the reaction space. 

The invention can be implemented using any suiuble pump capable of csublish- 
2S ing a sufficient vacuum in the reaction space and having a sufficient capacity. 

Examples of suiuhlc pump types arc; rotary vacuum pump. Roots* blower and 
turbo pump. 

To achieve efficient evacuation, the apparatus according to the invention has a 
30 design characterized by minimized volumes and piping cross sections implemented 
in a consirijciion with minimized number of seams. The piping layout aims to 
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avoid any stnictum which a>uid Ji.sturb the laminarity of ihc flow patteni or act 
as difricuU*to*purgc gas p(x:kcLs. 

Ifl oonveDtiooal equipmcni constructions the above-described goaU are di£Gcult to 
achieve, since gas volumes in the equipment are relatively large in relation to the 
volume occupied by the products and the gas flow occtir via complicated paths. 
Obviously, a mere dilTasion wall cannot purge all gas pockets conuincd therein. 
Tlie problems arc accentuated in equipment designed for simultaneous thin film 
growth on multiple substrates. 

The present invention discloses a plurality of special properties contributing to the 
minimization of apparatus gas volume and the formation tendency of spalling 
films (microparticles). Simultancoasly. the invention provides a panicularly 
advantageous embodiment of an apparatas suited for simultaneous deposition of 
thin films on two or more substrates. 

An advanugeous approach to reduce equipment contamination is to feed each 
rcactant group via a separate inflow channel directly into the reaction chamber. 
Preferably, the rcacunt is allowed to become mixed with a carrier gas flow enter- 
ing from the inflow channel of another rcacunt group prior to contacting the 
rcactant with the suhsiraic. The purpose of such mixing is to homogenize the gas 
flow passing over the substrate. ^ 

The abovc'described embtxiiment is panicularly well suited for thin-film growth 
processes using at least two compound component reaciants. The exit ends of the 
inflow channels of the different reacunt groups^ later in the text called the reacunt 
"infeed openings", are adapted to exit into the reaction chamber, close to the sub- 
strates of the thin film suucturcs. Between the infeed openings is herein disposed 
a baflle which prevenis the rcactant inflow from one infeed opening from entering 
directly the infeed opening of another rcactant belonging to a different reactant 
group. To eliminate the risk of rcactant contamination, a carrier gas flow is hereby 
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particularly advanugcoasly driven ihrough lhai inflow channel or channels which 
ix/arc currently noi umuI for ihc infccd of a rcacunl. Preferably, the reactant infccd 
openings arc disposed on ihe opposite sides of the baflflc and the reactant inflows 
are directed perpendicularly against the baffle, whereby the gas flow can be spread 
into an essentially planar flow producing a "flattened" flow pattern. The carrier 
gas flow and the vapor-phase reacunt flow entering from the opposite directions, 
respectively, thai arc flattened by hilling the baffle are combined prior to taking 
their mixed flow into contact with the substrate. It has been found that the inter- 
mixing of different species by diffasit>n Ls extremely efficient between the 
flattened gas flows resulting in excellent uniformity of the gas flow taken to the 
substrate. 

According to an alternative embodiment, the gas volume of the apparatus b 
minimized by designing those gas flow channels which communicate with the 
reaction chamber to have a narrow, oblong cross section in order lo minimize the 
volume of the reaction space. Hence, the gas flow channels have a "flaf shape 
capable of producing a similar naitcncd gas flow pattern as in the arrangement of 
the above -<ic5cribed embodiment. 

Typically, the flat gas flow channel according to the invention has a cross section 
with a width (orthogonal to the flow dircaion of the gas pulse front) of approx. 
1 - ICQ times the channel height. Advanugcously, the width-to-height ratio is 
approx. 5:1 - 50:1. typically approx. 50:1 - 5.1. 

In both of the above-dcscribcd cmbtHiiments, the reaction chamber enclosing the 
substrate is particularly advanugcoasly designed to have the chamber walb 
disposed close to the substrate being processed. The inner top wall of the chamber 
is advantageously aligned parallel to the substrate lop surface. In fact as noted 
earlier, the inner top wall of the chamber may be formed by another substrate. 
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Minimtzatioo of the gas volume in the apparatus improves the utilization effi- 
ciency of reactants as a single reaction space can be simtiltaoeousiy used for 
growing thin film onto at least two suhstraies. According to the invention, this 
arrangement can be implemented by placing the substrates in separate reaction 
5 chambers which are stacked vertically or horizonully lo provide a reaction 

chamber pack in which the chambers have common gas flow channeb in cider lo 
minimize the total volume of the reaction space. The number of vertically or 
horizonully sucked reaction chambers may be from 2 to 100 and as each of the 
chambers can be wted for processing at least two substrates simultaneously* the 
10 toul number of thin-film surfaces being processed may be varied in the range of 
2 - 200, for insuncc. 

According to a particularly advantageous embodiment, the apparatus according to 
the invention comprises vertically or horizonully stacked planar elements* 

15 whereby said elements have recesscs/groaves corresponding to the reactkxi 

chambera and gas flow channels machined to them and at least a number of said 
elements is mutually identical. The edge areas of the planar elementt are provided 
with round, or alternatively, oblong notches or openings extending through the 
planar clement and forming said gas flow channels of said reaction space when 

20 said planar elements are sucked vertically or horizonully in order to form a 

reaction chamber pack. The number of the round openings on the reaciant inflow 
side is advanugeously one per each reacunt group, which in practice means two 
opening. The number of oblong openings required on the inflow side is only one. 

2S The center parti of the planar elemcnu can be provided with areas recessed from 
the plane of the element so that the recesses are connected at their reactant inflow 
and outflow sides, cespociively, to said notches or openings. The recessed areas 
form the reaction chamber of the reaction space, or a portion thereof. The flow 
connections between the recessed areas and the gas flow channels act as restric- 

30 tions to the gas flows. The rccesstcd areas of the clement may be made so deep as 
to extend through the entire thickness of the planar element leaving the center of 
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the element open. Advaniagcoasiy. the inner edges of the recessed areas conform 
along at least two oppmtte sides ol the rcce» to the edges of the substrates, thus 
pennitting the location of the sub5iratcA in the recesses. When desired, the inner 
edges of the recesses can he provided with brackets serving to support the 
5' substrate. In the latter case the broad walls of the reaction chamber pack arc 
formed by substrates placed into the center openings of the planar elements, 
whereby the substrates may be aligned so as to. e.g^ have the substrate top sides 
facing esch other. 

10 The above-described apparatus construction details make it possible to reduce the 
weight of the reaction space and minimize the number of components in the sys- 
tem. By arranging the reaction space u> comprise vertically or horizonuliy stacked 
reaction spaces, ihc length of ihc gas inflow and outflow channels, respectively, 
can he reduced. This is particularly true for the latter case in which the substrates 

15 themselves serve as the broad wails of the reaction chambers. 

The invention provides significant benefits over prior-art ALE reactors. Accord- 
ingly, the pulsing concept of the starting material based on never having two or 
more different starting material species traasponcd in the system simuluneously 

20 effectively isolates the .sorting maierial.s from each other thus preventing their pre- 
mature mutual reactioas. Should such reactions occur in the gas phase, CVD thin 
film growth would result, whereby the reactor deviates from the operating condi- 
tioas of the ALE process and the reactor cannot be called an ALE reactor any 
more. In fact, the CVD thin film gn>wth condition in conventional ALE reactors 

25 often caascs the formation of the dctrimcnul microparticle dust^palling. 

According to the invention, the risk of CVD thin film growth is eliminated 
thereby yielding true surface-a)nirolled thin film growth, and thus, excellent ALE 
process qualities; in facu the apparatus according to the invention realizes the 
30 separate reaction steps characterizing a true ALE prtKCss. 
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The minimized surface areas and volumes also minimize the amount of exut thin 
film growih in the piping, wherehy ihc raic of dust/spall formaiion and need for 
cleaning are reduced. The small gas volume with optimized fluid dynamics speeds 
ihc ihrough-flow of gases and improves the purging of gases participating in ihc 
5 reactions, which is evidenced as faster process rate and improved thin film quality. 

The evacuation steps and possible complementing step of flushing with an inactive 
gts also contribute to the efficient removal of molecules adsorbed on the inner 
walls of the system and thus lessen the tendency of the molecules to react with the 
10 molecule species of the successive rcacunt pulse. 

In the following the invention will be ejtamined in greater deuii with reference to 
the appended drawings in which 

15 Figure 1 is a longitudinally sectioned side view of a simplified structure for the 
reaaion chamber pack in a first cmbtxliment according to the invention, and 
Figure 2 is a longitudinally sectioned side view of a simplified structure for the 
reaction space construction in a second embodiment according to the invention. 

20 Referring lo Fig. 1. the apparatus cowiruction shown therein comprises a reaction 
space, or a reaction chamber pack 1, assembled from mutually identical, stacked 
planar elemente 10, in which pack the gas flow channels 7, 4 and reaction 
chambers 13 arc formed by openings and notches made to the planar elements. 
The apparauis is shown to incoqx)raie four reaction chambers 13 having placed 

25 therein eight substrates 12 onto which thin films arc grown using the ALE 

process. Reference numeral 3 denotes the connection of the reaction chamber pack 
to a pipe communicating with the inlet of a pump. The connection communicates 
with the outflow channel 4 of vapor-phase reaction products and excess reaciants, 
whereby the outflow channel acts as collecting manifold for the outflows firom the 

30 reaction chambers. Correspondingly, reference numeral 2 denotes the inflow 
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opening for vapor-phasc rcaciantv whereby said inflow opening further 
communicaies with the reacuni inflow channel 7. 

The planar elements arc provided with an encircling suction girovc 5 for collect- 
ing any gas leaks. The suction groove communicaies with the outflow channel 4. 
The purpose of the suction groove is to avoid the access of external contamtnation 
into the rcaaion space and to prevent rcacunts from leaking outside the reaction 
space. Thence, the groove acts as an isolating gas seal for the reaction space. 

When sucking the planar cicmcnu?. bciwccn each two superimposed elements is 
placed an inicrmcdiaic plaic 6 suited lor conirolling the restriction of the gas flow 
by seitmg the cross section of the inlet slit 8 from the inflow channel 7 into the 
reaction chamber 13 and the cn«s section of the outlet slit, that is, gas flow 
restriction, from the reaction chamber to the outflow channel 4. 

The upper half of the uppermost reaction chamber acts as the lop plate 9 of the 
reaction chamber pack, and concspondingly, the lower half of the lowermost 
reaction chamber acts as ihc botuim plate 11, which is mounted onto a support 
base 17. Between said top plate and bottom plate arc stacked three mutually 
identical planar elements 10. Each planar cicmcni forms firetly in combination 
with the substrate 13 the wall between iwo adjacently slacked reaction chambers, 
and secondly, in combination with the intermediate plates 6 and other auxiliary 
plates, forms the inflow and outflow channels 7, 4. The number of the planar 
elements may be varied in the range 0 - 100 pes. 

The inflow/outflow channels 7, 4 and the reaction chambers are shaped to have 
longiludinally a narrow, oblong cro.ss section to faciliute a "flattened" gas flow 
and minimize the volume of the reaction space 

In the embodiment illastratcd in Fig. I, the vapor*phase reacunt pulses of 
different reactanl groups are fed alternately into the inflow channel 7. Prior to the 
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feed, the gas inflow pulses arc homogenized with an inactive gas flow in the 
inflow channel 7 or before, in the inflow channel, shown longitudinally sectioned 
in the diagram, the vapor-phasc rcacunt pulse travels flattened into a planar shape 
which proceeds along the channel with a dcflned leading front. The flow front has 
5 a width equal to the that of ihe suhstrate, which is approx. 10 - 30 cm, for 
instance, while the thickness of the front is approx. 1 - 3 cm. 

The flow iraveliing in the inflow channel is disttibuted evenly between the in- 
parallel sucked reaction chambers 13 by dimensioning the reaction space with its 

10 gas flow restrictions so that the How conductance of the inflow channel 7 is much 
higher than the flow conductance via the reaction chambers 13. The flow path 
through each reaction chamber must have a conductance which is equivalent 
(equal) to that of the ga^ paths via the other chambers. Then the pressure and flow 
rate is balanced between the individual reaction chambers, and thence* the thin 

IS fllm growth rate is also equal in the separate chambers. Inside the reaction 

chamber 13, the flow pattern is equalized by virtue of the narrow suction slit 14 
formed to the outflow end of the reaction chamber. The suction slit may be 
formed by either a single, contiguous slit or a plurality of small, parallel slits 
which in the exit direction of the flow is/are preceded by the large-volume 

20 reaction chamber 13 having a larger relative flow conducunce than that of the 
slit(s). Then, the gas flow tends to exit via the slit(s) tn an equally distributed 
pattern. In the reaction chamber 13 this is manifested as an equalized cross- 
directional pressure gradieni of the leading edge of the propagating gas pulse 
meaning an equalized propagating gas front In tesu (with reduced reactant 

25 dosing) the gas front has been found to have an extremely straight contottr. 

Easuring the equalized cross-dircctional outflow pattern of gas front is extremely 
important, bccaasc the gas molecules tend to travel toward the direction of lowest 
pressure (most effeciive suction), whereby the straight gas front will be distorted if 
30 subjected to a nonhomogcncous suction. Moreover, a homogeneous suction effect 
will rectify a gas front distorted due u> other possible rea.sons. 
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After the exit of the vapor-pha.v: rcacunu from the reaction chamber and 
panicularly the reaction space* their p(>55ihlc mixing how complete whatsoever 
will not cause harm U) the thin film being grown. 

5 Referring to Fig. Z an embodiment slightly different from that described above is 
shown. The legend of reference numerals in the diagram is as follows: 

21. Reaaion chamber pack 

22. Inflow duct opening for staning materials of group A 
10 23. Inflow duct opening for starting materials of group B 

24. Q)nncction for pipe uimmunicaiing with suction inlet of pump 

25. Collecting outflow channel lor outflow siits from in-paraliel stacked reaction 
chambers 

26. Suction groove encircling the planar clement for collection of possible gas 
15 leaks, whereby the suction groove communicates with the collecting outflow 

channel. 

27. Intermediate plate serving for .wting of outflow slit height, that is. gas flow 
restriction. In addition to its function as setting the outflow restriction, the 
intermediate plate forms a baffle .separating the different starting material groups 

20 at the inflow side. 

28. Inflow channel for starting materials of gn)up B 

29. Inflow channel for starting materials of group A 

30. Inflow channel .serving for the distribution of the starting material flows to the 
paralleled reaaion chambers 

25 31. Top plate and one half of the uppermost reaction chamber 

32. 0- 1 00 pes. identical planar clcmcntv Each planar clement in combination with 
the subsU'ate forms the separating wall between two superimposed reaction 
chambers as well as the inflow aruJ outtlow channels in combination with the 
intermediate plates and the other auxiliary plates. 

30 33. Bouom plate and one half of the lowermost reaction chamber 
34. Uppermost plate of support ha.se 
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35. Middle plate of support base 

36. Lowermost plate of support base 

37. Substrates 

38« Reaction chamber 
5 39. Restriction for gas flow leaving the substrate. 

The cmbodimcni shown in Fig. 2 is xacd in the same fashion as that illustrated in 
Fig. 1. However, this construction differs from first embodiment in that the 
suntng materials of different rcactant groups arc taken along their own inflow 
10 channels up to the inflow slits of the reaction chambers. Hence, the reaction 

chamber pack is assembled onto such a support ha.sc plate set 34 - 36 which after 
their stacking provide individual How ducts 2Z 23 for the reactants of the 
different starting material groups. Similarly, the reactants travel in their individual 
inflow channels 28, 29 at the side of the rcaaion chamber pack. 

15 

The gases are fed from the inflow channels 28. 29 separated by the baffles 27 
formed by the intermediate plates, whereby the height of the reaction chamber is 
dimensioned so that diffusion performs efficient intermixing of the flows entering 
from the different channels. While diffusion is a too slow mixing method to be 

20 used in the width direction of the llattencd gas flow pattern, it performs well in 
the height direction. Thus, when the reacunt is fed from one inflow channel 28, 
for instance, the inactive gas is fed from the other channel 29. When impinging on 
the baffles, the rcactant and inactive gas flows, respectively, arc flattened 
a.ssuming a planar flow pattern, whereby they are homogenized during their 

25 intermixing in the inflow slit of the reaction chamber. 

The inflow ducts 22, 23 and the inflow channels 28, 29 may have a circular cross 
section, for insuncc, and the rcactant gas flows are spread into a fanned and 
flattened shape only at the baffles. 
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Analogously with the first embodiment, securing the equalized cross-diiectional 
outflow pattern of the gas front is extremely imponanL 

Still referring to Fig. 2, it must be noted that the positions of the inflow channels 
s 28 and 29 arc slightly displaced for clarity. In a practical embodiment, these 

inflow channels are arranged in parallel, that is, adjacent in the lateral direction, 
whereby their tnfccd openings into the reaction chamber will be located at the 
same distance from the substrate. 

10 Example 

The following example describes the design principles for the pump of the 
apparatus shown in Fig. 1 and the interval between the successive vapor-phase 
reactant pulses, respectively, that make the apparatus perform in accordance with 
15 the invention: 



Substrate size 300 x 300 mm^ 

Number of substrates 10 pes. 

Number of reaction chambers 5 pes. 

20 Spacing between substrates 4 mm 

Toul volume of reaction chambers 5 x 300 x 300 x 4 mm^ = 18.000 cm^ 

Dimensions/volume of inflow channcU 300 x 10 x 100 mm = 300 cm^ 

DimcnsionsA'olumc of outflow channels 300 x 10 x 100 mm = 300 cm^ 

25 Toul volume 18,600 cm^ or appmx. 19 1. 



The pump capacity is selected as 360 m^/h, or 360 x 1000/3600 (l/s) « 100 1/s 
Hence, the above«calculatcd total gas volume can be evacuated with a pump so 
dimensioned in approx. 0.2 



30 
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A pump with the above-calculated capacity requires a pumping Hoe with an inner 
diameter of 76 mm, having a volume per length unit of n x 0.38 x 0.38 x 10 dm^ 
« 4.07 l/min. which means thai if the length of the pumping line from the reaction 
chamber pack lo the outlet connection of the apparauis is I m, for insuncc, its 
5 evacuation takes an extra time of 0.04 s. 

Accordingly, the interval between the reactant pulses in the above example is 
selected as approx. 0.25 s, which is a sufTicieni time for one-time evacuation of 
the entire gas volume of the apparatus during the interval between two successive 
10 rcacum pulses. By extending the interval between the pulses to 1 s, for instance, 
the total gas volume can he evacuated approx. 4 times. Here, an inactive gas may 
advantageously be introduced to the reaction space during the evacuation. 
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L A method for growing a ihin film onto a substrate, in which method a 
substrate placed in a reaction space (1; 21) is subjected to alternately repeated 
5 surface reactions of at least two vapor-phase reactonts for the purpose of forming 
a thin film, said method comprising 

. feeding said rcactanis in the form of vapor-phase pulses repeatedly and 
alternately, each rcacuni separately from its own source, into said 
reaction space (I; 21), and 
10 - bringing said vapor-phasc rcactanw u> react with the surface of the 

substrate for the purptwc of Rirming a solid-«taie thin film compound on 
said substrate, 
characterized in that 

- the gas volume of said reaction space is evacuated essentially tottlly 
15 between two successive vapor-phase reactant pulses. 

2. A method as defined in claim L characterized in that said gas 
volume of said reaction space (1; 21) is evacuated at least twice, advantageously 
at least 3 - 10 times during the interval between said vapor-phase reacunt pulses. 

20 

3. A method as defined in claim 1 or 2, characterized in that said gas 
volume of said reaction space (1; 21) is evacuated so that the residual components 
of the preceding vapor-phasc rcacuni pulse remaining in the reaction space arc at 
a level of less than 1 %, advantagcoasly less than I 9&o, prior to the inflow of the 

2S successive vapor-phase pulse. 

4. A method as defined in any of foregoing claims 1-3, characterized 
in that an inactive gas is fed into said reaction space (1; 21) simultaneously as the 
reaction space is being evacuated from the residues of the latest vapor-phase 

30 reacunt pulse. 
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5. A mclhod as defined in claim 4, characterized in that to said 
reaction space is connected a pump (3; 24) having a volumeuic capacity which 
during the interval between two successive vapor-phase rcactani pulses is appre- 
ciably greater than the gas volume of the reaction space. 

5 

6. A method as defined in any foregoing claim, characterized in that 
each reaciani is fed into said reaction space via a separate inflow path (22, 29; 23, 

28) in order to minimize the gas volume to be evacuated from the reaction space. 

10 7. A mclhod as dcfmed in any rorcgi>ing claim, characterized in that 
each vapor-phase rcactani pulse is mixed with said inactive gas flow prior to its 
entry into said reaction space. 



8. A method as defined in claim 1. in which mclhod a reaction space is employed 
15 comprising a reaction chamber (13; 3H) into which said substrate can be placed 

and further comprising gas flow channels (7, 8. 14 and 4; 22, 23, 28, 29, 25 and 
24) communicating with said reaction chamber, said gas flow channels being 
suited for the inflow of said vapor-phasc rcacuni pulses into said reaction 
chamber and, correspondingly, for the outflow of the nonrcactcd components of 
20 said reactani pulses from said reaction chamber, characterized in that at 
least a portion of said gas flow channels are provided with a narrow, oblong cross 
section in order to minimize the volume of said reaction space. 

9. A mclhod as defined in claim 1 or 8, in which method a reaction space is 

25 employed comprising a reaciion chamber (13; 38) into which said substrate can be 
placed and further comprising gas flow channels (7, 8, 14 and 4; 22, 23, 28, 29, 
25 and 24) communicating with said reaction chamber, .said gas flow channels 
being suited for the inflow of said vapor-phase reaciani pulses into said reaction 
chamber and. correspondingly, for the outflow of the nonrcacted components of 

30 said reacunt pulses from said reaction chamber, characterized in that 
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said reaction chamber (13: 38) is pnwidcd with a narrow, oblong cross scaion in 
order lo minimize the volume of said reaction space. 

10. A method as defined in claim 9, characterized in that said vapor- 
phasc rcacunl pulses arc fed via gas now channels (7, 8, 14 and 4; 22. 23. 28. 29. 
25 and 24) having a narrow, ohiong cro« section in order to form at least 
essentially planar pulses of vapor-phase rcacunl and to improve the inicmiixing of 
the vapor-phase reacunt flow with a carrier gas flow. 

11. A method as defined in claim 9, characterized in that said vapor- 
phasc pulses of each rcacuini gn>up arc led via their individual inflow channels 
(22, 29; 23, 28) directly inio the reaction chamber, wherein the vapor-phase pulse 
is allowed to intermix with a carrier gas flow prior to bringing the rcactant into 
contact with the substrate. 

12. A method as defined in claim 1, characterized in that said vapor- 
phasc rcaciani pulses arc fed in an at least essentially laminar flow into said 
reaction chamber. 

13. An apparatus for growing thin films onto a substrate by subjecting the 
substrate to alternately repeated surface reactions of vapor-phase rcactanu for the 
purpiise of forming a .solid-sutc thin film on the substrate, said apparatus 
comprising 

- a reaction space (13; 38) into which the substrate can be placed. 

- inflow channels (7; 2Z 29, 23, 38) communicating with said reaction 
space, said channels being suited for feeding the reactants employed in a 
thin-film growth process in the form of vapor-phase pulses into said 
reaction .space, and 

- reacunt outflow channels (4; 25) communicating with said reaction space, 
said channels being suited for the outflow of reaction products and excess 
amounts of rcactanu from .said reaction space. 
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characterized in thai 

- the outflow channels (4; 25) arc provided with a connection (3; 24) to a 
pump capable of evacuating said reaction space to a vacutun and said 
pump having a volumetric capacity which during the interval between two 
5 successive vapor-phase rcactant pulses is greater than the gas volume of 

the reaction space. 

14. An apparatus as defined in claim 13. characterized in that said 
pump has a volumetric capacity which during the interval between two successive 

10 vapor-phase rcactant puUcs is capable of evacuating at least twice the gas volume 
of the reaction space. 

15. An apparatus as defined in claim 13 or 14, said apparatus comprising a 
reaction chamber (13; 38) into which the substrate can be placed and further 

15 comprising gas flow channels (7, 8, 14 and 4; 22, 23, 28, 29. 25 and 24) 

communicating with said reaction chamber, said gas How channels being suited 
for the inflow of said vapor-ph&sc reactant pulses into said reaction chamber aod, 
correspondingly, for the outflow of the reaction products of said thin-film growth 
process and the excess amounts of said reactant pulses from said reaction 

20 chamber, characterized in that at least a portion of said gas flow 

channels are provided with a narrow, oblong cross section in order to minimize 
the volume of said reaction space. 

16. An apparatas as defined in claim 15, characterized in that said 

25 reaction chamber (13; 38) is provided with a narrow, oblong cross section in order 
to minimize the volume of said reaction space. 
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